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Hesitant Fuzzy Hyperideals of Ordered Semihypergroups
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ABSTRACT. Hesitant fuzzy sets introduced by Torra and Narukawa present a powerful tool
for study of hesitancy in decision making. In this paper, we introduce the notions of hesi-
tant fuzzy product, characteristic hesitant fuzzy set, hesitant fuzzy hyperideals and hesitant
fuzzy interior hyperideals of ordered semihypergroups. We characterize regular and intra-
regular ordered semihypergroups by the properties of their hesitant fuzzy hyperideals and
hesitant fuzzy interior hyperideals. We introduce the notion of hesitant fuzzy simple ordered
semihypergroups. Furthermore, some characterizations of hesitant fuzzy simple ordered semi-
hypergroups by means of hesitant fuzzy hyperideals and hesitant fuzzy interior hyperideals
are provided.
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1. Introduction

A fuzzy subset f of a given set S (or a fuzzy set in S) is described as an arbitrary
function f : S — [0, 1], where [0, 1] is the usual closed interval of real numbers. This
fundamental concept of a fuzzy set, was first introduced by Zadeh in his pioneering
paper [19]. There has been a rapid growth worldwide in the interest of fuzzy set theory
and its applications from the past several years. Evidence of this can be found in the
increasing number of high-quality research articles on fuzzy sets and related topics
that have been published in a variety of international journals, symposia, workshops,
and international conferences held every year. Hesitant fuzzy set is a novel and recent
extension of fuzzy sets that aims to model the uncertainty originated by the hesitation
that might arise in the assignment of membership degrees of the elements to a fuzzy
set. Despite the previous extensions overcome in different ways the managing of
simultaneous sources of vagueness, Torra [17], introduced a useful generalization of
the fuzzy set that is designed for situations in which it is difficult to determine the
membership of an element to a set owing to ambiguity between a few different values.
The hesitant fuzzy set permits the membership degree of an element to a set to be
represented by a set of possible values between 0 and 1 (see [17, 18]). The hesitant
fuzzy set therefore provides a more accurate representation of peoples hesitancy in
stating their preferences over objects than the fuzzy set or its classical extensions.
Hesitant fuzzy sets are very useful to deal with group decision making problems when
experts have hesitation among several possible memberships for an element to a set.
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During the evaluating process in practice, however, these possible memberships may
not be only crisp values in [0, 1], but also interval values. Hesitant fuzzy sets have
attracted the attention of many researchers in a short period of time because hesitant
situations are very common in different real world problems and this new approach
facilitates the management of uncertainty provoked by hesitation. A deep revision of
the specialized literature shows the quick growth and applicability of hesitant fuzzy
sets which have been extended from different points of view, (see [1, 2, 5, 6, 12]).
Algebraic hyperstructures represent a natural extension of classical algebraic struc-
tures and they were originally proposed in 1934 by a French mathematician Marty [9],
at the 8" Congress of Scandinavian Mathematicians. One of the main reason which
attracts researches towards hyperstructures is its unique property that in hyperstruc-
tures composition of two elements is a set, while in classical algebraic structures
the composition of two elements is an element. Thus algebraic hyperstructures are
natural extension of classical algebraic structures. Since then, hyperstructures are
widely investigated from the theoretical point of view and for their applications to
many branches of pure and applied mathematics. Especially, semihypergroups are the
simplest algebraic hyperstructures which possess the properties of closure and associa-
tivity. Nowadays many researchers have studied different aspects of semihypergroups
(See [ ) Oy s ) ) ’ ])

In this paper, we apply the notion of hesitant fuzzy sets to ordered semihypergroups
and introduce the notions of hesitant fuzzy left (resp. right) hyperideals and hesitant
fuzzy interior hyperideals of ordered semihypergroups, investigate several properties
and present some related examples of these concepts. We show that hesitant fuzzy
hyperideals and hesitant fuzzy interior hyperideals coincide in regular ordered semi-
hypergroups and intra-regular ordered semihypergroups. We characterize ordered
semihypergroups in terms of hesitant fuzzy hyperideals and hesitant fuzzy interior
hyperideals. We introduce the concept of hesitant fuzzy simple ordered semihyper-
groups. Moreover we characterize hesitant fuzzy simple ordered semihypergroups in
terms of hesitant fuzzy hyperideals and hesitant fuzzy interior hyperideals.

2. Preliminaries

Definition 2.1. [9] A map o: H x H — P*(H) is termed as hyperoperation or join
operation on the set H, where H is a non-empty set and P*(H) = P(H)\{0} denotes
the set of all non-empty subsets of H. A hypergroupoid is a pair (H,o) where o is a
binary hyperoperation on the set H.

Let % : p*(H) x p*(H) — p*(H)|(A,B) — Ax B = U (aob), for every
(a,b)eAxB
A, B € p*(H). This operation is well defined [7].

Definition 2.2. [7] A hypergroupoid (H, o) is called a semihypergroup if for all x, y,
z of H, we have (z o y) x {z} = {z} * (y o z), which means that
U woz= |J zow
uexroy VvEYOZ
It is clear that {«} * {y} =z oy, for every z,y € H.
A non-empty subset B of a semihypergroup H is termed as sub-semihypergroup
of H if Bx B C B and H is termed as in this case super-semihypergroup of B. Let
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(H, o) be a semihypergroup. For the sake of simplicity, in the following writing a * H
we mean {a} x H.

An algebraic hyperstructure (S, 0,<) is called an ordered semihypergroup (also
called po-semihypergroup) if:

(1) (S,0) is a semihypergroup.

(2) (S, <) is a partially ordered set such that the monotone condition holds,
that is, if a < b implies that roa < zoband aoxz < box for all z,a,b € S, where,
if A, B € P*(S),then we say that A < B if for every a € A there exists b € B such
that @ <b. If A = {a}, then we write a < B instead of {a} < B.

A non-empty subset A of an ordered semihypergroup S is called a subsemihyper-
group of S if Ax A C A. A non-empty subset A of S is called a left (resp. right)
hyperideal of S if: (1) Sx A C A (resp. AxS C A) and (2) a€ A,be S and b < q,
implying b € A. By a two sided hyperideal or simply a hyperideal of S we mean a
non-empty subset of S which is both a left hyperideal and a right hyperideal of S. A
subsemihypergroup A of an ordered semihypergroup S is called an interior hyperideal
of Sif: (1) SxAxSC Aand (2) a€ A,be S and b < aimply b € A. An ordered
semihypergroup (S, 0, <) is called regular if for every a € S there exists z € S such
that a < (a o) * a. An ordered semihypergroup S is called intra-regular if for every
a € S, there exist z,y € S such that a < ((x 0 a) *a) xy. For x € S, we define
Ay ={(y,2) e Sx S|z <yoz}

3. Hesitant fuzzy set

Let S be a reference set. Then we define hesitant fuzzy set of S in terms of a function
‘H that when applied to S returns a subset of [0,1]. A hesitant fuzzy set H can also
be viewed as the following mathematical representation:

H={(z,H(z)) |z eS}.

Note that throughout this paper, the set of all subsets of [0, 1] will be denoted by
P ([0,1]).

Let G and ‘H be two hesitant fuzzy sets of S. Then the hesitant union G LI H and
hesitant intersection G M H of G and H are defined to be hesitant fuzzy sets on S
as follows: GUH :— P([0,1]), z — G(x) UH (z) and GNH :— P ([0,1]),
x — G (x) NH (x), and also we define G C H if G (x) C H (x) for all z € S.

The hesitant fuzzy product of two hesitant fuzzy sets G and H of an ordered
semihypergroup S is defined to be a hesitant fuzzy set G ® H of S which given by

U GwnH ()}, if A, #0,
(g © H) (1‘) = (y,2)EAL
0, if A, =0,

For a non-empty subset A of S, defined a map H : S — P ([0,1]),
. [0,1],ifz e A
. §, ifz¢A

Then #H 4 is a hesitant fuzzy set of S and is called the characteristic hesitant fuzzy
set of S. For an ordered semihypergroup S, the hesitant fuzzy set Hg is defined as
follows:

Hs : S — P([0,1]), x—> Hg(z) = [0,1] forallz € S.
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The hesitant fuzzy set Hg is called identity hesitant fuzzy set of S.
For a hesitant fuzzy set H of S a subset § of [0, 1], the set

U(H.0) = {w e S| H(x) 26}
is called the hesitant level set of H.

Theorem 3.1. Let Hy and Hp be hesitant fuzzy sets of an ordered semihypergroup
S, where A and B are nonempty subsets S. Then the following properties hold:

(1) If AC B then Ha C Hp.

(2) HaMHp =Hans-

(3) HaUHp =HauB-

(4) Ha© Hp = H(A*B]~

Proof. (1) . It is obvious.

(2).Letx € S.If x € ANDB, then x € A and x € B. Thus we have (Ha M Hp) (z) =
Ha (.CC) NHp (1’) = [0, 1] =HanB (:ZZ)

If x ¢ AN B, then x ¢ A or x ¢ B. Thus we have (HoMHp) () = Ha (z) N
Hp (x) =0 =Hanp (). Therefore HaMHp = Hans.

(3).Letx € S.If x € AUB, then z € A or x € B. Thus we have (H4 UHp) (z) =
Ha(z) UHpB(z) =1[0,1] = Haup(z). f o ¢ AUB, then ¢ A and z ¢ B. Hence we
have (Ha UHp) () = Ha(z) UHpB(x) =0 = Haup. Therefore Ha UHp = Haup-

(4). For any x € S, suppose « € (A B]. Then x < aob for some a € A and b € B,

and so (a,b) € A,. Thus we have (Hq ©@ Hp) (z) = U {Ha(y)yNHp(2)} 2
(y,2)€As
Ha (a) N Hp (b) =10,1], and so (Ha © Hp) () = [0,1]. Since = € (A x B], then we
get Haxp) (v) = [ ] Suppose x ¢ (Ax B]. Then Ha.p) (z) = 0. If A, =0, then
(Ha®Hp) (x) = d (Ha @’HB) () = Hawp) (v). Assume that A, # ). Then
(Ha@Hp)(z) = U {Ha (y) N Hp (2)}. We now prove that Ha (y) N Hp (2) =
(y,2)EAL

0 for all (y,z) € As. Let (y,2) € A, then @ < yoz If y € A and z € B, then
yoz C AxBandsoz € (A* B]. This is impossible. Thus we have y ¢ A or z ¢ B.
If y ¢ A then Ha(y) = 0 and so Ha (y) N Hp(z) = 0. Similarly, if z ¢ B, then
Ha(y) NHp (2) = 0. In any case Ha © Hp = H(awp)- O

4. Hesitant fuzzy hyperideals

In this section, we introduce the notion of hesitant fuzzy hyperideals of ordered semi-
hypergroups.

Definition 4.1. A hesitant fuzzy set H of an ordered semihypergroup is called a
hesitant fuzzy subsemihypergroup of S if:

I_laezoyH (O‘) 2 H (:C) N H (y) .

Example 4.1. Let (S, o, <) be an ordered semihypergroup, where the hyperoperation
and the order relation are defined by:
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a b c d
{a} | {a} | {a} | {a}
{a} | {a} | {a} |{a}
{a} | {a} | {a.b} | {a}
{a} | {a} | {a,b} | {a,b}
<:={(a,a), (b,b),(c,c),(d,d),(a,b)}.
Let ‘H be a hesitant fuzzy set of S defined as follows
[0.1,09] if z=a
[0.2,0.8] if z =10
(0.3,0.6] ifx =¢
0.4,0.6] if z =d
Then H is a hesitant fuzzy subsemihypergroup of S.

[SH RSN RS ST el

H:S—P(0,1]), z —

Definition 4.2. A hesitant fuzzy set H of an ordered semihypergroup is called a
hesitant fuzzy left (resp. right) hyperideal of S if it satisfies the following conditions:
(1) MaezoyM (@) 2 H (y) (resp. MaezoyM (@) 2 H (2)).
(2) (Vo,y € 5) v <y = H(z) 2 H(y).

A hesitant fuzzy set H of an ordered semihypergroup S is called a hesitant fuzzy
hyperideal (or hesitant fuzzy two-sided hyperideal) of S if it is both a hesitant fuzzy
left hyperideal and a hesitant fuzzy right hyperideal of S.

Example 4.2. Let (5, 0, <) be an ordered semihypergroup, where the hyperoperation
and the order relation are defined by:

a b c d
f{a} [{a} |{a} |{a}
{a} | {a,b} | {a,c} | {a}
f{a} [{a} |{a.b} | {a}
{a} | {a,d} | {a} |{a}
<:={(a,a), (b,b), (c,c),(d,d), (a,b),(a,c), (a,d)}.
Let H be a hesitant fuzzy set of S defined as follows
0,1 ifz=a
(0.2,0.8] if z =b
04,07 ifz=c¢
0.2,0.9] if v = d

Then H is a hesitant fuzzy left hyperideal of S. This is not a hesitant fuzzy right
hyperideal as Mycpoc—{a,c} H (@) = H (a) NH (¢) = [0.4,0.7] 2 [0.2,0.8] = H (b) .

[SHESN RS ST el

H:S—P(0,1]), 2 —

Example 4.3. Let (S, o, <) be an ordered semihypergroup, where the hyperoperation
and the order relation are defined by:

a b c d
{a} | {a} | {a} |{a}
{a} | {a} | {a,b} | {a}
{a} | {a} | {a,b} | {a}
f{a} | {a} [ {a} [{a,b}

QU (S| O
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<:={(a,a), (b,b),(c,c),(d,d),(a,b)}.
Let H be a hesitant fuzzy set of S defined as follows
(01,1 fz=a
e ) 0208 =0
’ [0.4,0.6] if z = ¢
(0.4,05] ifz =d

H:S— P01

Then H is a hesitant fuzzy hyperideal of S.

Theorem 4.1. Let (S,0,<) be an ordered semihypergroup and ) # A C S. Then A
is a left (resp. right) hyperideal of S if and only if the characteristic hesitant fuzzy
set Ha of A is ais a hesitant fuzzy left (resp. right) hyperideal of S.

Proof. Suppose that A is a left hyperideal of S. Let x,y € S. Then MyegoyHa () D
Ha(y). Indeed, if y ¢ A then Ha (y) = 0. Since Ha () 2 0 for all x € S, then we
have MaecgoyMa (@) 2 0 = Ha(y). Let y € A. Since A is a left hyperideal of S and
x € S, then we have zoy C S+ A C A. Thus in this case H4 () = [0,1] for any
a € zoy. Hence MuczoyHa (o) = [0,1] D Ha(y). Let now z,y € S, < y. Then
Ha () D Ha(y). In fact, if y € A, thenHA( ) =[0,1]. Since S 3 2 <y € A, by
hypothesis we have x € A, then HA( ) = [0,1]. Thus Ha(z) = [0,1] 2 Ha(y). If
y & A, then H4(y) = 0. Since z € S, then we have Ha(x) 2O ) = Ha(y). Consequently,
H 4 is a hesitant fuzzy left hyperideal of S.

Conversely, let A be a non-empty subset of S such that H 4 is a hesitant fuzzy left
hyperideal of S. We claim that S * A C A. To prove our claim, let z € S and y € A.
By hypothesis, MpezoyHa (@) 2 Ha(y) =[0,1]. It thIlb implies that MyegoyMa () =
[0,1]. Hence for any o« € z oy, Ha(a) = [0,1], a € A. Tt thus follows that
S oA C A. Furthermore, let z € A, S>3y < z. Then y € A. Indeed, it is enough to
prove that Ha (y) = [0,1]. By x € A, we have H 4 () = [0,1]. Since H 4 is a hesitant
fuzzy left hyperideal of S and y < z, then we have H (y) 2 Ha (z) = [0,1]. Thus
Ha (y) =[0,1]. Therefore A is a left hyperideal of S.

Similarly we can show that # 4 is a hesitant fuzzy right hyperideal of S, if and only
if A is a right hyperideal of S. O

Corollary 4.2. Let (S,0,<) be an ordered semihypergroup and ) # A C S. Then A
is a hyperideal of S if and only if the characteristic hesitant fuzzy set Ha of A is a is
a hesitant fuzzy hyperideal of S.

Theorem 4.3. Let ‘H be a hesitant fuzzy set of an ordered semihypergroup and § €
P ([0,1]). Then H is a hesitant hyperideal of S if and only if the nonempty level
set U(H,d) of H is a hyperideal of S.

Proof. Assume that H is a hesitant fuzzy hyperideal of S. Let z € U(H, ) and y € S.
Then H (x) 2 6. It follows from Definition 4, that

MNaczoyH () 2 H () 20
and
MNaeyorH (@) D H(x) D0.
Hence, we can deduce that MaezoyH (o) 2 6 and MaeyorH (@) 2 6. Thus it can be

easily shown that zoy CU(H, ) and yox C U(H,0). Furthermore, let x € U(H, J),
S >y < z. Then y € U(H,J). Indeed, since z € U(H,d), H(z) 2 § and H is a
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hesitant fuzzy hyperideal of S, then we have H (y) 2 H (z) 2 §. We have H (y) D 0,
ie., y € U(H,H). Therefore U(H,d) is a hyperideal of S.

Conversely, let U(H,d) # 0 be a hyperideal of S. If there exist z1,y; € S such that
MNacaroy H (@) C H (y1), then there exists 6 € P ([0,1]) such that Muegy oy, H () C
d € H(y1), and we have H (y1) 2 6 and Maez oy H (o) C 6. Thus y; € U(H,9)
and x1 o y1 € U(H, ), which is a contradiction. Hence MaegoyH () 2 H (y) for all
x,y € S. Moreover if z < y then H (x) O H (y). Indeed, if there exist x1,y; € S
such that 7 < y; and H (x1) C H (y1) then there exists 6 € P ([0, 1]) such that
H(x1) C 6 € H(y1) and we have H (y1) 2 6 and H (z1) C J. Then y; € U(H,J)
and z1 ¢ U(H, ). This is a contradiction that U(H, d) is a hyperideal of S. Therefore
‘H is a hesitant fuzzy left hyperideal of S. In a similar way we can show that H is a
hesitant fuzzy right hyperideal of S and thus #H is a hesitant fuzzy hyperideal of S.
This completes the proof. O

Theorem 4.4. Let S be an ordered semihypergroup and H is a hesitant fuzzy set of S.
Then H is a hesitant fuzzy left hyperideal of S if and only if H satisfies the following
conditions:

(1) Hs @ H C H.

2)z<y=H(z) DH(y) forallz,y € S.

Proof. Suppose that H is a hesitant fuzzy left hyperideal of S. Then by Definition

4, condition (2) holds. To prove the condition (1) holds, it is enough to prove that

(Hs ©H) () C H (z) for any z € S. Indeed, let z € S. If A, = (), then (Hs @ H) (z) =

) CH(x).Let Ay # (). Then there exist y, z € S such that z < y oz and there exists

v € yoz such that x < v. Since H is a hesitant fuzzy left hyperideal of S, then we have

H(2) C MueyoM (V) € Myeyor M (V) € Myeyo. M (x) = H(2). Hence H(2) € H(2)
z<v z<v

for any x < y o z. Thus
HsoH) (@)= |J {Hs@w)nH (=)}

(y,2)EAs
= U {ounney= U He)
(y,2)€EAL (y,2)EAL
CH(z).

Thus (Hs ©® H) (x) C H (x) for all z € S.

Conversely, assume that the conditions (1) and (2) hold. Let y,z € S. Then we
can prove that H (z) 2 H (z) for any = € y o z. In fact, since x € yo z, v < z, then
we have x < y o z. Thus by hypothesis, we have

H()2HsoH)(x)= |J {Hs®)NH(q)}

(P.9)€As
2 {Hs (y) NH(2)}
={[0,1]NH (2)}
=H(z).
Hence Myeyo-H (x) 2 H(2) for any € y o z. Hence H is a hesitant fuzzy left
hyperideal of S. O

Similarly we can prove the following Theorem.
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Theorem 4.5. Let S be an ordered semihypergroup and H be a hesitant fuzzy of S.
Then H is a hesitant fuzzy right hyperideal of S if and only if H satisfies the following
conditions:

(1) HoHsE H.

(2) z <y= H(xz) DH(y) for all x,y € S.

5. Hesitant fuzzy interior hyperideals

Definition 5.1. Let H be a hesitant fuzzy set of an ordered semihypergroup S.
Then H is called a hesitant fuzzy interior hyperideal of S if it satisfies the following
conditions:

(1) (Va,y € 5) MacaoyH () 2 H(x) N H(y).

(2) (Vl‘, a,y € S) ﬂae(zoa)*yH(a) ) H(a)

(3) (Va,y € 5) v <y = H(z) 2 H(y).

Example 5.1. Let (S, o, <) be an ordered semihypergroup where the hyperoperation
and the order relation are defined by:

ola b c
a|{a} | {a} | {a} |{a}
b | {a} | {a} | {a,d} | {a}
¢ | {a} | {a} |{a} |{a}
d|{a} | {a} | {a} |{a}
<= {(a’ﬂ a)v (bv b)7 (Cv C)v (da d)a (a7 d)}
Let ‘H be a hesitant fuzzy set of S defined as follows

(0.1,0.9] if x € {a, b}
[0.4,0.8] if z € {c,d}

d

H:S— P([0,1]), x—>{

Then H is a hesitant fuzzy interior hyperideal of S.

Theorem 5.1. Let (S,0,<) be an ordered semihypergroup and A be a nonempty
subset of S. Then A is an interior hyperideal of S if and only if the the characteristic
hesitant fuzzy set Ha of A is a hesitant fuzzy interior hyperideal of S.

Proof. Suppose that A is an interior hyperideal of S. Let x,y and a be any elements
of S. Then Mye(zoaysyHa () 2 Ha (a). Indeed, If a € A, then H, (a) = [0,1]. Since
A is an interior hyperideal of S, then we have @ € (zxoa)*xy C (SxA)xS C A
we have H4 () = [0,1]. Thus Mue(zoaysyMa (@) = [0,1] 2 Ha(a). If a ¢ A, then
Ha(a) = 0. Since Ha (x) 2 0 for all z € S, then Mye(zoayyMa (@) 2 0 = Ha(a).
Let 2,y € S with @ < y. Then Ha (x) 2 Ha (y). Indeed, if y ¢ A then Ha (y) =0
and Ha(z) D0 =Ha(y). ff y € A, then Hy (y) = [0,1]. Since z < y and A is an
interior hyperideal of S, then we have x € A and thus H 4 (x) = [0,1] D Ha (y) . Since
A is an interior hyperideal of S, then A is a subsemihypergroup of S. Let z,y € S.
Then we have, Myegoy™a (@) 2 Ha () NHa (y). Indeed, if x oy ¢ A, then there
exists & € z oy such that o ¢ A, and we have MacgoyHa (o) = (. Besides that
zoy ¢ A implies that © ¢ A or y ¢ A. Then Ha(z) = 0 or Ha(y) = 0 and
hence MaegoyMa () 20 =Ha (x)NHa(y). Let zoy C A. Then Hy (o) = [0,1] for
any « € z oy. It implies that MyezoyHa (@) = [0,1]. Since we have H 4 (x) C [0, 1]
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for any x € A, then MyegoyHa () = [0,1] 2 Ha (x) N Ha (y). Therefore H 4 is a
hesitant fuzzy interior hyperideal of S .

Conversely, let ) # A C S such that H 4 is a hesitant fuzzy interior hyperideal
of S. We claim that A*x A C A. To prove the claim, let =,y € A. By hypothesis,
MNaczoyHa (@) D Ha(x) NHa (y) = [0,1] which implies that MayezoyHa (o) 2 [0,1].
On the other hand H 4 (z) C [0, 1] for all z € S. Thus for any « € xoy, Ha (a) = [0,1]
implies that « € A. It thus follows that A« A C A. Let o € (S x A) * S, then there
exist 2,y € S and a € A such that o € (2 0 a) * y. Since Mae(zoaysyHa (@) 2 Ha (a)
and a € A, then we have H 4 (a) = [0,1]. Hence for each oo € (S % A) xS, we have
MNac(zoa)syHa (@) 2 [0,1]. On the other hand H4 (z) C [0,1] for all z € S. Thus
for any o € (roa)*y, Ha(a) = [0,1] implies that o € A. Thus (S * A) xS C A.
Furthermore, let x € A, S 5 y < z. Then y € A. Indeed, it is enough to prove that
Ha(y) = 1[0,1]. By x € A we have H (x) = [0,1]. Since H4 is a hesitant fuzzy
interior hyperideal of S and y < z, then we have H (y) 2 Ha (z) = [0, 1]. Hence we
conclude that H4 (y) 2 0. Thus H4 (y) = [0,1]. Therefore A is a interior hyperideal
of S. (]

Theorem 5.2. Let H be a hesitant fuzzy set of an ordered semihypergroup S and
5 € P([0,1]). Then H is a hesitant fuzzy interior hyperideal of S if and only if each
nonempty level set U(H, ) of H is an interior hyperideal of S.

Proof. Assume that H is a hesitant fuzzy interior hyperideal of S and U(H, §) # 0. Let
z,y € U(H,0). Then H (z) 2 § and H (y) 2 d. By hypothesis, we have MyezoyH () 2
H(z)NH (y) 2 6N = 0. So we can write as MyecgoyH () 2 . Thus for any a € zoy,
we have H (o) D 9, implies that o € U(H, d). It follows that x oy C U(H, ). Hence
U(H,9) is a subsemihypergroup of S. Let y € U(H,0) and x,z € S. Then H (y) 2 0.
Since H is a hesitant fuzzy interior hyperideal of S, then My,¢ (poy)«-H (w) 2 H (y) 2 0.
So we can write as Mye (zoy)+= H (w) 2 0. Hence H (w) D 0 for any w € (zoy)*z implies
that w € U(H, ). Thus S« U(H,0) * S C U(H, ). Furthermore, let z € U(H,0),
S 3y < z. Then y € U(H,J). Indeed, since € U(H,d), H(z) 2 6 and H is a
hesitant fuzzy interior hyperideal of S, then we have H (y) 2 H (z) D §, we have
H(y) 26, ie.,ye€ U(H,0). Therefore U(H, ) is an interior hyperideal of S.
Conversely, suppose that U(H,d) # 0 is an interior hyperideal of S. If there exist
x1,y1 € S such that Macqyoy, M (@) C H (1) NH (y1) . Then there exists 6 € P ([0,1])
such that Maezyoy, H () €0 C H (1) NH (y1), and we have H (z1) D 6, H(y1) 29
and Maegy oy H (@) C 0 which implies that z1,y1 € U(H,d) and z1 o y1 € U(H,0).
It contradicts the fact that U(#,d) is an interior hyperideal of S. Consequently,
MNaceoyH () 2 H (x) NH (y) for all 2,y € S. Next we show that Mye(poayyH (@) 2
H (a) for all 2, a,y € S. If there exist x1, a1, y1 such that Mye (00, )0y H () C H (a1) ,
and § € P ([0,1]) such that Mue(z;oa; )y, H (@) € 5 € H(ar), so H(a1) 2 6 and
MNae(zioan)ey M (@) C 0 then a; € U(H,6) and (21 0 ar) *y1 € U(H,6). This is
a contradiction that U(H,d) is an interior hyperideal of S. Moreover if < y then
H (z) D H (y) . Indeed, if there exist x1,y1 € S such that z; < y; and H (x1) C H (v1),
and ¢ € P([0,1]) such that H (z1) C § C H(y1) and we have H (y1) 2 J and
H (x1) C 6. Theny; € U(H,0) and 21 ¢ U(H, ). This is a contradiction that U(H, J)
is an interior hyperideal of S. Thus if z <y, then H (z) 2 H (y) . O

Theorem 5.3. Let (S, 0,<) be an ordered semihypergroup and H be a hesitant fuzzy
hyperideal of S. Then H is a hesitant fuzzy interior hyperideal of S.
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Proof. Suppose that H is a hesitant fuzzy hyperideal of S. Let x,y € S. Then by hy-

pothesis Maegoy™ (@) 2 H () D H(x) NH (y). Let z,a,y € S. Since H is a hesitant

fuzzy hyperideal of S, then for any a € (z o a) * y, we have Myc(poa)yyH () =

Mg (@) 2 H(B) 2 Macaoy™(B) 2 H(a). ThUS Macromeg™ (@) 2 M (a).
Beaoy

Therefore H is a hesitant fuzzy interior hyperideal of S. O

The converse of above Theorem is not true in general. We can illustrate it by the
following example.

Example 5.2. Let (S, o, <) be an ordered semihypergroup, where the hyperoperation
and the order relation are defined by:

a b c d
{a} | {a} | {a} | {a}
{a} | {a} [{a} | {a}
{a} | {a} | {a,0} | {a,b}
{a} | {a} | {a,b} | {a}

<:={(a,a),(b,b),(c,c),(d,d), (a,b),(a,c),(a,d),(d,b),(d,c)}.
Let ‘H be a hesitant fuzzy set of S defined as follows

(0,0.9] ifz=a
0.2,0.7) if 2 =b
[0.3,0.5] if z = ¢
0.2,0.8] if x = d

[SHRSN RS ST el

H:S—P(0,1]), 2 —

Then H is a hesitant fuzzy interior hyperideal of S. This is not a hesitant fuzzy left
hyperideal of S as Myccodg={a,p} H (@) = H (a) NH (b) = [0.2,0.7] 2 [0.2,0.8] = H (d).

Theorem 5.4. Let (S,0,<) be a regular ordered semihypergroup and H is a hesitant
fuzzy interior hyperideal of S. Then H is a hesitant fuzzy hyperideal of S.

Proof Let x,y € S. Since H is a hesitant fuzzy interior hyperideal of S, then

MNaczoyM (@) 2 H (x) . Indeed, since S is regular and x € S, then there exists p € S
such that < (xz o p) x . Then we have xoy < ((zop)*xxz)*y = (xop)*(xoy).
So there exist « € z oy, v € zop and f € (vox)x*y such that a < S. So
H (o) 2 H(B). Since H is a hesitant fuzzy interior hyperideal of S, then we have
H(a) DH(B) D Mge(voz) sy H (8) 2 H (z). Thus

HozEanJy;L[ (a) 2 H (iL’) .

Therefore H is a hesitant fuzzy right hyperideal of S. In a similar way we prove that
‘H is a hesitant left hyperideal of S. O

By Theorems 5.3 and 5.4 we have the following;:

Theorem 5.5. In reqular ordered semihypergroups the concepts of hesitant fuzzy hy-
perideals and hesitant fuzzy interior hyperideals coincide.

Theorem 5.6. Let (S,0,<) be an intra-reqular ordered semihypergroup and H is a
hesitant fuzzy interior hyperideal of S. Then H is a hesitant fuzzy hyperideal of S.
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Proof. Let a,b € S. Then Myecqop™ (u) 2 H (a). Indeed, since S is intra-regular and
a € S, then there exist z,y € S such that a < ((roa)*a)*y. Then aob <
(((xoa)*a)*y)xb=(xoa)*((aoy)=*b). So there exist u € aob, v € (aoy)*b and
a € (zoa)*v such that u < a. So H (u) 2 H («) . Since H is a hesitant fuzzy interior
hyperideal of S, then we have H (u) 2 H (@) 2 Mae(zoa)+o M (@) 2 H (a) . Thus

Mucaob™ (u) 2 H (a).

Hence H is a hesitant fuzzy right hyperideal of S. Similarly we can prove that H is
a hesitant fuzzy left hyperideal of S. Therefore H is a hesitant fuzzy hyperideal of
S. O

By Theorems 5.3 and 5.6 we have the following;:

Theorem 5.7. In intra-regular ordered semihypergroups the concepts of hesitant fuzzy
hyperideals and hesitant fuzzy interior hyperideals coincide.

6. Characterizations of hesitant fuzzy simple ordered semihypergroups in
terms of hesitant fuzzy hyperideals and hesitant fuzzy interior hyper-
ideals

In this section, we introduce the concept of hesitant fuzzy simple ordered semihyper-
groups and characterize this type of ordered semihypergroups in terms of hesitant
fuzzy hyperideals and hesitant fuzzy interior hyperideals.

Definition 6.1. (see [16]). An ordered semihypergroup (5, o, <) is called simple if it
has no a proper hyperideal, that is for any hyperideal A # () of S we have A = S.

Lemma 6.1. (see [16]). An ordered semihypergroup (S,o0,<) is a simple ordered
semihypergroup if and only if for every a € S, ((Soa)* S| =S.

Definition 6.2. An ordered semihypergroup (5,0, <) is called hesitant fuzzy simple
if for any hesitant fuzzy hyperideal H of S, we have H (a) 2 H (b) for all a,b € S.

Theorem 6.2. Let be (S,0,<) an ordered semihypergroup. Then S is hesitant fuzzy
simple if and only if for any hesitant fuzzy hyperideal H of S, we have U(H,d) = S
for all 6 € P([0,1]) if U(H, ) # 0.

Proof. Suppose that S is a hesitant fuzzy simple ordered semihypergroup and # is a
hesitant fuzzy hyperideal of S. Let 6 € P([0,1]) be such that U(H,d) # 0. We need
to prove that z € U(H,d) for all x € S. Since U(H,d) # 0, then we can suppose that
there exits y € U(H,0) i.e., H(y) 2 6. Hence H (z) 2 H (y) 2 J, we can conclude
that H (z) D d, which implies that x € U(#H, 9).

Conversely, for any hesitant fuzzy hyperideal H of S, suppose that U(H,d) = S
for all § € P([0,1]) if U(H,d) # 0. We claim that H (a) 2 H (b) for all a,b € S. If
there exist z,y € S such that H () C H (y). Then we have H (x) C § C H (y) for
some § € P([0,1]). Thus H (z) C 4, i.e., x ¢ U(H,d) = S, which is a contradiction.
Therefore H (a) 2 H (b) holds for all a,b € S. Thus S is hesitant fuzzy simple. O

Let (S,0,<) be an ordered semihypergroup and a € S, and H be a hesitant fuzzy
of S, we denote by I, the subset of S defines as follows:

I,={beS|H(®B)DH(a)}.
Clearly I, # 0, since a € I,.
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Theorem 6.3. Let (S,0,<) be an ordered semihypergroup and H is a hesitant fuzzy
left hyperideals of S. Then the set 1, is a left hyperideal of S for every a € S.

Proof. Suppose that H is a hesitant fuzzy left hyperideals of S. Let b € I, and s € S.
Then sob C I,. Indeed, since H is a hesitant fuzzy left hyperideal of S and b,s € S,
then we have MaesopH (o) 2 H (b). Since b € I, then we have H (b) O H (a). Thus
H (@) 2 MNaesorH () 2 H (D) 2 H(a). Thus o € I, and hence sob C I,. Let b € I,
and S 3 s < b. Then s € I,. Indeed, since H is a hesitant fuzzy left hyperideals
of S, b,s € S and s < b, then we have #H (s) 2 H (b). Since b € I,, then we have
H(b) 2 H(a). Then H(s) D H(a), so s € I,. O

In a similar way we prove the following:

Theorem 6.4. Let (S,0,<) be an ordered semihypergroup and H is a hesitant fuzzy
right hyperideals of S. Then the set I, is a right hyperideal of S for every a € S.

By Theorems 6.2 and 6.3 we have the following;:

Theorem 6.5. Let (S,0,<) be an ordered semihypergroup and H is a hesitant fuzzy
hyperideals of S. Then the set I, is a hyperideal of S for every a € S.

Theorem 6.6. Let (S, 0,<) be an ordered semihypergroup. Then S is simple if and
only if it is hesitant fuzzy simple.

Proof. Assume that S is a simple ordered semihypergroup. Let H is a hesitant fuzzy
hyperideal of S and a,b € S. By Theorem 6.4, we obtain I, is a hyperideal of S. Since
S is simple, then I, = S. Therefore b € I,, that is H (b) 2 H (a). Therefore S is
hesitant fuzzy simple.

Conversely, suppose that S is hesitant fuzzy simple. Let I be a hyperideal of S. By
Corollary 4.1, we obtain the characteristic hesitant fuzzy function Hz is a hesitant
fuzzy hyperideal of S. We claim that I = S. To prove our claim, let € S. Since S
is hesitant fuzzy simple, then Hz (z) 2 Hz (y) for all y € S. Since T # 0, let a € I.
Then Hz (x) 2 Hz (a) = [0,1]. We conclude that Hz () = [0,1], i.e., z € I. Thus
we have shown that S C I, and so, S = I. Hence S is simple. (|

Theorem 6.7. Let (S, 0,<) be an ordered semihypergroup. Then S is a simple if and
only if for every hesitant fuzzy interior hyperideal H of S, we have H (a) 2 H (b) for
all a,b € S.

Proof. Suppose that S is a simple ordered semihypergroup. Let H be a hesitant fuzzy
interior hyperideal of S, and a,b € S. By Lemma 6.1, we have S = ((S xb) % 5].
Thus by a € S, we have a € ((S*b)*S]. Then there exist z,y € S such that
a < (zob)*y. Then a < « for some « € (zob)*y. Since H is a hesitant fuzzy interior
hyperideal of S, then we have H (a) 2 H (). Also since Mye(zobyryM (@) 2 H (b),
then H (a) 2 H (@) 2 Mae(zobysyH () 2 H (D).

Conversely, assume that for every hesitant fuzzy interior hyperideal H of S | we
have H (a) D H (b) for all a,b € S. Let H be any hesitant fuzzy hyperideal of S. Then
by Theorem 5.3, H is a hesitant fuzzy interior hyperideal of S. Hence S is hesitant
fuzzy simple by Definition 6.1. It thus follows from Theorem 6.5 that S is a simple
ordered semihypergroup. O

As a consequence of Lemma 6.1, Theorem 6.5, and Theorem 6.6, we provide some
characterizations of a simple ordered semihypergroup in the following theorem.
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Theorem 6.8. Let (S,0,<) be an ordered semihypergroup. Then the following state-
ments are equivalent:

(1) S is a simple ordered semihypergroup.

(2) S = ((S*a)*S] for every a € S.

(3) S is hesitant fuzzy simple.

(4) For every hesitant fuzzy interior hyperideal of S, we have H (a) 2 H (b) for all
a,besS.

7. Conclusion

In this paper, we introduced and studied the notions of hesitant fuzzy hyperideals
and hesitant fuzzy interior hyperideals of ordered semihypergroups. Moreover, we
introduced the notion of hesitant fuzzy simple ordered semihypergroup. Some char-
acterizations of hesitant fuzzy simple ordered semihypergroups by means of hesitant
fuzzy hyperideals and hesitant fuzzy interior hyperideals were provided. This study
is just at the begining and it can be extended in many directions:

(1) To do some further work on the properties of hesitant fuzzy hyperideals, which
may be useful to characterize the structure of ordered semihypergroups.

(2) To apply the hesitant fuzzy set theory of ordered semihypergroups to some
applied fields, such as decision making, data analysis and forecasting and so on.
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